using cDNA macroarray and then quantitatively evaluated with real-time reverse transcription polymerase chain reaction (RT-PCR) methods.
Methods

Patients and Tissue Sampling
The protocol of this study was approved by the institutional committee for ethical review. Written informed consent was given by all patients. Tissue samples were obtained from 31 patients who underwent elective graft replacement for AAA with a diameter of 58±18 mm by computed tomography (29 males, 2 females; mean age, 71±2 years) and from 24 patients who underwent carotid endarterectomy for severe stenosis (>90% diameter stenosis by angiography) of the extracranial carotid artery (all males; mean age, 68±2 years). As for medical treatment, 20 patients with AAA and 10 with CAS were treated with 3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) reductase inhibitors, and 17 with AAA and 7 with CAS were with angiotensin-converting enzyme inhibitors or angiotensin II receptor blockade.
During graft replacement for AAA, a strip of aortic wall that contained the dilated region and relatively normal portion was carefully excised. Carotid endarterectomy was extended in a caudal direction to include a sample of minimally affected common carotid artery proximal to the plaque but in continuity with it, to act as a paired control. After removing part of the tissue for histological examination, all the samples were quickly frozen in liquid nitrogen and stored at -80°C until extraction of RNA.
RNA Preparation and cDNA Synthesis
Experimental procedures have been already described elsewhere. 2 Briefly, the samples were homogenized in 1.0 ml ISOGEN™ reagent (Nippon Gene, Tokyo, Japan), thoroughly mixed with 0.2 ml chloroform and centrifuged at 15,000 G for 15 min at 4°C. The aqueous supernatant was transferred into a micro test tube, mixed with 0.6 ml isopropanol and centrifuged at 15,000 G for 15 min at 4°C. The precipitated total RNA was rinsed with 70% ethanol, air-dried, and then resuspended in RNase-free water. The concentration of the extracted total RNA was assessed using spectrophotometry. Next, the total RNA was treated with DNase Free™ reagent (Ambion, Austin, TX, USA) for 60 min, and then reverse-transcribed with Superscript II™ (Invitrogen, Carlsbad, CA, USA) at 37°C for 60 min using Random Primer™ (TaKaRa, Tokyo, Japan). The resultant cDNA mixture was stored in small aliquots at -20°C until further use. The integrity of each cDNA mixture was checked by amplification of glutaraldehyde 3-phosphate dehydrogenase (GAPDH) with ExTaq™ (TaKaRa), using the primer set 5'-ACCACAGTCCATGCCATCAC-3'/5'-TCCACCACCCTGTTGCTGTA-3'.
Complementary DNA Macroarray
Labeled cDNA probes were prepared with reagents provided with the Atlas Human Array kit (Clontech Laboratories, Palo Alto, CA, USA). For each specimen, 2.5 g of total RNA was incubated with Human Cytokine-Specific Primers (R&D Systems, Minneapolis, MN, USA) for 5 min at 65°C and then at 41°C. A mixture of reaction buffer, dNTP mix, 50 U of Moloney murine leukemia virus reverse transcriptase and [ -32 P] dATP (Amersham Pharmacia Biotech, Piscataway, NJ, USA) was added to each sample, which was then incubated at 41°C for 60 min. The labeled cDNA probes were purified with column chromatography to remove unincorporated isotope (ProbeQuant™ G-50 Micro Columns; Amersham Pharmacia Biotech).
A nylon membrane containing bound cDNA clones corresponding to 375 different human genes (Human Cytokine Expression Array; R&D Systems) was prehybridized with a solution of hybridization buffer (ExpressHyb; Clontech) and salmon testes DNA at 68°C. Each labeled cDNA probe was mixed into prehybridization buffer and incubated overnight at 68°C with a membrane. After hybridization, the membrane was washed with wash solution 1 (2× standard saline citrate (SSC), 0.1% sodium dodecyl sulfate (SDS)) and wash solution 2 (0.1× SSC, 0.1% SDS) at 68°C followed by a final wash of 2× SSC at room temperature. The washed membrane was wrapped in plastic wrap and exposed to a phosphor imaging screen. Imaging screens were scanned and analyzed with imaging software (Atlas Image software, Clontech). The signals on each array were corrected for background with an average for blank columns and standardized with a housekeeping gene present on the same membrane (glyceraldehyde phosphate dehydrogenase). The duplicated intensity signals for each gene were summed for data analysis. The ratio of gene expression levels was determined by dividing the signal intensity on the AAA array by that on the control array. Differential gene expression was considered significant when the signal ratio was greater than 5:1.
Primers and Probes for Real-Time RT-PCR
Using Primer Express software (Applied Biosystems, Foster, CA, USA), several sets of primers were designed for each of the genes. The primer set amplifying a target cDNA most effectively, which was evaluated by electrophoresis and staining with ethidium bromide, was selected for final use. Subsequently, the TaqMan probe inherent to each primer set was prepared, which was an oligonucleotide labeled with a reporter dye (FAM) at the 5'-end and a quencher dye (TAMRA) at the 3'-end.
Real-time RT-PCR was performed using an ABI PRISM™ 7700 Sequence Detection System (Applied Biosystems). The reaction solution was assembled in a volume of 25 l, which comprised TaqMan™ Universal PCR Master Mix (Applied Biosystems), forward and reverse primers (final concentration 300 nmol/L each), TaqMan probe (final concentration 200 nmol/L) and cDNA mixture (≈2.5 ng). The conditions for real-time RT-PCR were preheating at 50°C for 2 min and at 95°C for 10 min, followed by 40 cycles of shuttle heating at 95°C for 15 s and at 60°C for 1 min. Throughout this study, the cDNA mixture from a particular sample was used to generate the working standard for quantitation of the cDNA of interest, which plots the relationship between the dilution of the standard cDNAs and the corresponding Ct value (the number of cycles necessary to obtain a threshold fluorescent signal). The initial quantity of the cDNA of interest in a certain cDNA mixture was calculated from the working standard and then normalized to that of GAPDH determined with TaqMan™ Assay Reagent Endogenous Control (Applied Biosystems). The normalized value for each target cDNA reflects the expression level of the corresponding gene in a test sample relative to the standard tissue.
Histology and Immunohistochemistry
Part of the plaque was placed in tissue fixative (Histochoice, Hedwin, Baltimore, MD, USA). After overnight fixation, the samples were paraffin embedded and sectioned at 4 m intervals. Tissue sections were deparaffinized with xylene followed by immersion in graded alcohol. They were washed 3 times for 5 min each in phosphate-buffered saline (PBS) and blocked with bovine serum albumin for 60 min. Specimens were then incubated with primary antibodies (Fuji Chemical, Tokyo, Japan) overnight at 4°C. After they were washed in PBS, specimens were incubated with biotinylated rabbit anti-mouse IgG for 60 min at room temperature. Specimens were then washed with PBS, stained with horseradish peroxidaseconjugated streptavidin, and finally incubated with substrate solution for 1-15 min. The tissue sections were also stained with hematoxylin-eosin.
Statistical Analysis
The mean and standard error of triplicate data are presented. Statistical analysis was performed by Mann-Whitney test and Wilcoxon signed-rank test using Stat View 5.0 software (Abacus Concepts, Calabasus, CA, USA) on a Macintosh computer. A p-value <0.05 was considered significant.
Results
cDNA Macroarray for AAA Tissues
A representative autoradiograph of the human cytokine expression array after hybridization with cDNA probes derived from AAA and adjacent control tissues is shown in , and CXCR-6 (chemokine receptor, 7:1). It was interesting that IL-8 and its receptor, CXCR-2, were simultaneously upregulatated, suggesting their significant role in disease development. Therefore, these 2 genes were quantitatively determined by real-time RT-PCR with TaqMan probes (Table 1 ). Additionally, in some patients the expressions of MCP-1 and its receptor, CCR-2, were determined by the same procedures.
In AAA, the expression of IL-8 and CXCR-2 in CAS was 0.53±0.16 and 2.04±0.75, respectively and significantly greater than those in the adjacent control tissues in which the expressions were 0.11±0.04 and 0.29±0.10 (p<0.01), respectively. Under these conditions, the expressions of MCP-1 and CCR-2 in the diseased portion were slightly upregulated at 1.51±0.38 and 1.24±0.10, respectively, in comparison with those in adjacent control tissues (0.32± 0.08 and 0.28±0.09, respectively, n=4).
In CAS, expression of IL-8 and CXCR-2 in CAS was 1.35±0.25 and 2.00±0.51, respectively and significantly greater than that in the adjacent control tissues where it was 0.60±0.16 and 0.58±0.21 (p<0.05), respectively (Fig 2) . Under these conditions, there was no statistical significance in the expressions of MCP-1 and CCR-2 in diseased (0.44±0.15 and 2.72±1.76, respectively) and control (0.38± 0.11 and 0.99±0.18, n=13) tissues.
Immunohistochemistry
In both AAA and CAS tissues, the control regions exhibited mild atherosclerosis in which a few CD-68 positive macrophages existed. The specimens of AAA consisted of thinned or thickened vascular tissue in which typical atheromatous plaques with infiltration of macrophages and lymphocytes were present. Plaque regions of CAS mainly consisted of a lipid-rich core and fibrous tissue in which CD-68 positive macrophages had accumulated, particularly in the shoulder regions of the atheroma. Under these conditions, IL-8 and CXCR-2 were mainly expressed in the macrophages, which were identified as CD68-positive cells in each tissue (Fig 3) .
Discussion
In the present study, we used cDNA macroarray to try and determine the possible cytokine-related mediators that could contribute to the development of atherosclerosis, and we then quantitatively measured the expression of their mRNA using real-time RT-PCR. The inflammatory chemokine IL-8 and its receptor, CXCR-2, were demonstrated to be simultaneously upregulated in the diseased portions, suggesting their key role in the development of dilated and occlusive atherosclerotic diseases.
Determination Procedures for mRNA
The recent development of microchip-or membranebased cDNA arrays has enabled examination of the simultaneous expression of multiple gene products of known identity, facilitating the identification of altered patterns of gene expression in a given tissue. 9 Because this approach has the potential to reveal novel pathophysiologic insights, we first used it to characterize the simultaneous expression of approximately 375 gene products in human AAA, in which enough mRNA was collected to synthesize the cDNA, and to compare the expression profile of AAA with adjacent control tissues. We found that the expression of IL-8 (9-fold) and its receptor, CXCR-2 (11-fold) were simultaneously upregulated in the diseased portion.
However, it is necessary to reemphasize that the cDNA array is most valuable for detecting novel, unanticipated alterations in gene expression, and that the strength of this method currently resides in its capacity to characterize patterns of gene expression rather than to quantify the expression of individual gene products. Thus, we performed quantitative analysis of gene expression with real-time RT-PCR, the accuracy of which to determine gene expression in human tissue has already been demonstrated elsewhere. 2 
Role of Inflammatory Chemokines in Dilated and Occlusive Atherosclerotic Diseases
IL-8, a C-X-C chemokine which was upregulated in both AAA and CAS, is produced by various types of cells on stimulation with inflammatory stimuli. [10] [11] [12] [13] Low density lipoprotein (LDL)-deficient mice, irradiated and reconstituted with macrophages deficient in the murine IL-8 receptor homologue of human CXCR-2, show diminished macrophage recruitment to the lesion, suggesting a potential role for IL-8 in monocyte trafficking in vivo. 14 Moreover, IL-8 may contribute to the development of atherosclerosis by stimulating angiogenesis. 15 It exerts a variety of effects on leukocytes, particularly neutrophils, 16 and plays a critical role in the mobilization of stem cells through its induction of MMP-9. 17 In terms of MMP synthesis in dilated and occlusive atherosclerotic diseases, we previously reported significant upregulation of the expression of MMP-1 and -3 in AAA tissues, and MMP-1, -3 and -9 in CAS tissues. 2, 3 MMP-9 is also upregulated in the infarct-related human coronary artery. 18, 19 Therefore, upregulation of IL-8 might be related to overexpression of these MMPs in human atherosclerotic tissues.
IL-8 is also known to inhibit the production of the tissue inhibitor of matrix metalloproteinases (TIMPs), which are potent antagonists of MMPs in vessel tissue. 20 Our previous data indicate disproportional expression of MMPs/TIMPs in AAA as well as CAS. 2, 3 Therefore, in the clinical setting upregulation of IL-8 could be related to this disproportional TIMPs expression in both AAA and CAS, thus enhancing the development of dilated or occlusive manifestation of atherosclerosis probably through the activation of proteinase activity. It has been suggested that the chemokine receptor CXCR-2 enhances monocyte recruitment and disease progression. 21 Indeed, the lack of CXCR-2 expression in bone marrow cells has been shown to be responsible for an almost 50% reduction in lesion development. 22 There was no statistical significance in the expression of MCP-1 and CCR-2 in AAA and CAS tissues, which may be partly explained by the relatively high gene expression in the adjacent control tissues that already had minimal atherosclerotic changes. One might speculate that the MCP-1 and CCR-2 system, which is upregulated in the early stage of atherosclerosis, could be relatively downregulated in the established stage, such as the significant dilated and/or stenotic lesions studied by us. This might result in an altered balance in the expression of the contributing and suppression genes, which leads to the severity of the disease process. 1, 4 
Clinical Implications and Study Limitations
Although the precise relationship between the inflammatory process of atherosclerosis and development of AAA and/or CAS, particularly in the established stage of the diseases, remains unclear, their frequent association and shared risk factors suggest common pathophysiologic mechanisms. This assertion is supported by the observation that both AAA and CAS exhibited increased expression of CXCR-2 as well as IL-8, both of which are thought to be important in inflammatory process of atherosclerosis, although we could not correlate the extent of disease severity with the levels of gene expression because of similar aneurysmal (>40 mm in diameter) and stenotic (>90%) lesions in the present cohort.
From the therapeutic point of view, it is interesting to note that the established anti-inflammatory pathways of HMG-CoA reductase inhibitors include the diminished expression of cytokines, such as IL-6 and IL-8, in cells implicated in atherogenesis or in human plasma. 23, 24 In addition, oxydized LDL-cholesterol enhances the upregulation of the expression of CXCR-2 in monocytes, contributing to disease progression associated with dilation or occlusion. 25 Indeed, atorvastatin therapy, which suppresses the development of atherosclerosis as well as reduces the incidence of major adverse cardiac events, 26, 27 could decrease the spontaneous release of IL-8 in mononuclear cells of patients with coronary artery disease. 28 Also, the effects of angiotensinreceptor inhibitors on suppression of atherosclerosis could be derived from inhibition of the overexpression of chemokines, such as IL-8, associated with reduction of macrophage accumulation in the lesion. 29 Although it would be indeed intriguing to examine whether the expressions of IL-8 and CXCR-2 in AAA and CAS could be affected by these "anti-inflammatory" drugs in the present cohort, we could not correlate gene expression level to treatment because of the variety of drugs and their doses. A prospective study of intensive use of HMG-CoA reductase inhibitors and/or angiotensin-receptor inhibitors for AAA and CAS patients may demonstrate the effectiveness of these agents on the expression of IL-8 and CXCR-2 and whether this is protective or not in the established stage of dilated and/or stenotic lesions.
One of the most important limitations in the present study is that we used the adjacent tissues, which were already involved in the disease, as the control. Therefore, the present study was not done with truly normal tissue. However, both control tissues did not show any dilated or occlusive lesions and might be considered to be in the "preaneurymal" or "preocclusive" state of the disease.
Even under these conditions, upregulation of IL-8 and associated CXCR-2 may have a crucial role in the development of manifested atherosclerotic disease.
Conclusions
We used a membrane-based cDNA macroarray and realtime RT-PCR to characterize the cytokine-related gene expression in AAA and CAS. Although the functional significance of the individual gene products that were altered in AAA and CAS will require further investigation, this study demonstrates the potential of cDNA expression array and real-time RT-PCR in elucidating the molecular mechanisms responsible for the development of AAA and CAS.
